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DEVICES AND METHODS FOR CARDIAC 
ANNULUS STABILIZATION AND 

TREATMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to, and contains 
subject matter in common With, US. patent application Ser. 
No. 10/461043 (Attorney Docket No. 16886-000310), ?led 
on Jun. 13, 2003, Which is assigned to the assignees of the 
present invention, and Which is hereby incorporated fully by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates generally to medical 
devices and methods. More particularly, the invention relates 
to devices and methods for enhancing cardiovascular valve 
repair, especially the repair of heart valves such as the mitral 
and tricuspid valves. 
[0004] In recent years, many advances have been made to 
reduce the invasiveness of cardiac surgery. In an attempt to 
avoid open, stopped-heart procedures, Which may be accom 
panied by high patient morbidity and mortality, many devices 
and methods have been developed for operating on a heart 
through smaller incisions, operating on a beating heart, and 
even performing cardiac procedures via transvascular access. 
Different types of cardiac procedures, such as cardiac abla 
tion techniques for treating atrial ?brillation, stenting proce 
dures for atherosclerosis, and valve repair procedures for 
treating conditions such as mitral valve regurgitation have 
experienced signi?cant technological advances. In imple 
menting many minimally invasive cardiac surgery tech 
niques, especially beating-heart techniques, one of the most 
signi?cant challenges is exposing and stabiliZing a portion of 
cardiac tissue to be operated upon. Another challenge, once 
exposure and stability are achieved, is to effectively deploy a 
given treatment into or on the target cardiac tissue using 
minimally invasive devices. 
[0005] One type of cardiac surgery Which may bene?t from 
less invasive techniques is heart valve repair. Traditional 
treatment of heart valve stenosis or regurgitation, such as 
mitral or tricuspid regurgitation, typically involves an open 
heart surgical procedure to replace or repair the valve. Valve 
repair procedures typically involve annuloplasty, a set of 
techniques designed to restore the valve annulus shape and 
strengthen the annulus. Conventional annuloplasty surgery 
generally requires a large incision into the thorax of the 
patient (a thoracotomy), and sometimes a median stemotomy 
(cutting through the middle of the sternum). These open heart, 
open chest procedures routinely involve placing the patient 
on a cardiopulmonary bypass machine for sustained periods 
so that the patient’s heart and lungs can be arti?cially stopped 
during the procedure. Finally, valve repair and replacement 
procedures are typically technically challenging and require a 
relatively large incision through the Wall of the heart to access 
the valve. 
[0006] Due to the highly invasive nature of open heart valve 
repair or replacement, many patients, such as elderly patients, 
patients having recently undergone other surgical procedures, 
patients With comorbid medical conditions, children, late 
stage heart failure patients, and the like, are often considered 
too high-ri sk to undergo heart valve surgery and are relegated 
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to progressive deterioration and cardiac enlargement. Often, 
such patients have no feasible alternative treatments for their 
heart valve conditions. 

[0007] To obviate this situation, a number of devices and 
methods for repairing cardiac valves in a less invasive manner 
have been described. Some devices provide for heart valve 
repair through minimally invasive incisions or intravascu 
larly, While others improve upon open heart surgical proce 
dures on beating hearts, stopped hearts or both. For example, 
several improved devices and methods for heart valve repair 
are described in one or more patent applications ?led by the 
inventors of the present invention and assigned to the assignee 
of the present invention. For further description of such 
devices and methods, reference may be made to US. patent 
application Ser. No. 10/461043 (Attorney Docket No. 16886 
000310), ?led on Jun. 13, 2003, previously incorporated by 
reference. 

[0008] As mentioned above, some of the di?iculties in per 
forming minimally invasive intracardiac surgery include 
exposing and stabiliZing an area of cardiac tissue to be oper 
ated upon and effectively operating on that tissue using mini 
mally invasive instruments. Suf?cient exposure is essential 
for alloWing the physician to locate and perform a procedure 
on the targeted cardiac tissue. Stabilization further facilitates 
an intracardiac procedure, especially in a beating heart. In 
minimally invasive, beating heart surgery on a cardiac valve 
annulus, exposure and stabiliZation are especially challeng 
ing, due to rapid movement of the annulus and the heart, the 
small siZe of the annulus, and the blood-?lled surgical ?eld. 
While a cardiac valve may be visualiZed via transesophageal 
echocardiogram (TEE), it is much more dif?cult to locate the 
annulus itself, as it is basically a small band of ?brous tissue. 
Exposure of the annulus is essential, hoWever, since annular 
tissue is far stronger than surrounding valve lea?et and heart 
Wall tissue, and repair procedures performed on a valve annu 
lus Will be much more effective than those performed on other 
tissue adjacent the annulus. Even after a valve annulus is 
exposed and stabiliZed, it may still be challenging to effec 
tively and e?iciently operate on the annulus to repair the 
valve, using minimally invasive devices. 
[0009] Many minimally invasive or “less invasive” surgical 
procedures other than heart valve repair Would also bene?t 
from improved exposure and/or stabiliZation. For example, 
improved exposure and stabiliZation could facilitate other 
cardiac procedures, such as accessing the coronary sinus for 
placement of an implantable device or for performing a pro 
cedure, placing pacemaker leads in one or more areas of the 
heart, ablation procedures such as ablation around the pulmo 
nary veins to treat atrial ?brillation, atrial-septal defect repair 
procedures, and the like. Improved stabiliZation and exposure 
could also be used to enhance non-cardiac procedures such 
cinching or otherWise treating a bladder, stomach, gastroe 
sophageal junction, vascular structure, gall bladder or the 
like. 

[0010] Therefore, it Wouldbe bene?cial to have devices and 
methods for enhancing exposure and/ or stabiliZation in trans 
vascular, minimally invasive and other “less invasive” surgi 
cal procedures, such as heart valve repair and other cardiac 
procedures. Ideally, for example, such devices and method 
could be used for exposing and stabiliZing a cardiac valve 
annulus for performing a valve repair procedure. Ideally, such 
devices and methods could be used in minimally invasive or 
“less invasive” beating heart procedures performed via a vari 
ety of access routes, such as transvascular or transthoracic. 
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Also ideally, some devices might be used for exposing a valve 
annulus, others might expose and stabilize an annulus, and 
still others might expose, stabilize and administer a therapy to 
an annulus, thus providing a physician With numerous proce 
dural options. At least some of these objectives Will be met by 
the present invention. 
[0011] 2. Description of the BackgroundArt 
[0012] Published U.S. Application 2002/0156526 
describes a catheter-based method for performing annulo 
plasty. Published U.S. Application 2002/ 0042621 describes a 
heart valve annuloplasty system With constrictable plication 
bands Which are optionally attached to a linkage strip. Pub 
lished U.S. Application 2002/0087169 describes a remote 
controlled catheter system Which can be used to deliver 
anchors and a tether for performing an annuloplasty proce 
dure. Other patent publications of interest include WO01/ 
26586; US2001/0005787; US2001/0014800; US2002/ 
0013621; US2002/0029080; US2002/0035361; US2002/ 
0042621; US2002/0095167; and US2003/0074012. U.S. 
patents of interest include U.S. Pat. Nos. 4,014,492; 4,042, 
979; 4,043,504; 4,055,861; 4,700,250; 5,366,479; 5,450,860; 
5,571,215; 5,674,279; 5,709,695; 5,752,518; 
5,848,969;5,860,992; 5,904,651; 5,961,539; 5,972,004; 
6,165,183; 6,197,017; 6,250,308; 6,260,552; 6,283,993; 
6,269,819; 6,312,447; 6,332,893; and 6,524,338. Publica 
tions of interest include De Simone et al. (1993) Am. J. Car 
diol. 73:721-722, and DoWning et al. (2001) Heart Surgery 
Forum, Abstract 7025. 

BRIEF SUMMARY OF THE INVENTION 

[0013] Devices and methods of the present invention are 
generally used to facilitate transvascular, minimally invasive 
and other “less invasive” surgical procedures, by enhancing 
exposure, stabilization and/or the like of a tissue or structure 
upon Which a procedure is to be performed. “Less invasive,” 
for the purposes of this application, means any procedure that 
is less invasive than traditional, large-incision open surgical 
procedures. Thus, a less invasive procedure may be an open 
surgical procedure involving one or more relatively small 
incisions, a transvascular percutaneous procedure, a transvas 
cular procedure via cut-doWn, a laparoscopic or other endo 
scopic procedure, or the like. Generally, any procedure in 
Which a goal is to minimize or reduce invasiveness to the 
patient may be considered less invasive. Furthermore, 
although the terms “less invasive” and “minimally invasive” 
may sometimes be used interchangeably in this application, 
neither these nor terms used to describe a particular subset of 
surgical or other procedures should be interpreted to limit the 
scope of the invention. Generally, stabilization/ exposure 
devices and methods of the invention may be used in perform 
ing or enhancing any suitable procedure. 
[0014] As mentioned above, the present application typi 
cally describes devices and methods for stabilization and/or 
exposure in the context of heart valve repair, and more spe 
ci?cally mitral valve repair to treat mitral regurgitation. It 
should be emphasized, hoWever, that devices and methods of 
the invention may be used in any suitable procedure, both 
cardiac and non-cardiac. For example, they may be used in 
procedures to repair any heart valve, to repair an atrial-septal 
defect, to access and possibly perform a procedure from (or 
through) the coronary sinus, to place one or more pacemaker 
leads, to perform a cardiac ablation procedure such as ablat 
ing around pulmonary veins to treat atrial ?brillation, and/or 
the like. In other embodiments, the devices and methods may 
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be used to enhance a laparoscopic or other endoscopic pro 
cedure on any part of the body, such as the bladder, stomach, 
gastroesophageal junction, vasculature, gall bladder, or the 
like. Therefore, although the folloWing description typically 
focuses on mitral valve and other heart valve repair, such 
description should not be interpreted to limit the scope of the 
invention as de?ned by the claims. 

[0015] That being said, the present invention generally pro 
vides devices and methods for enhanced stabilization, expo 
sure and/or treatment of a cardiac valve annulus. Methods 
generally involve introducing a stabilizing member beneath 
one or more lea?ets of a heart valve to engage the ventricular 
side of the annulus at an intersection betWeen the lea?ets and 
the interior ventricular Wall of the heart. The stabilizing mem 
ber Will usually be curved or C-shaped to conform to at least 
a portion of the ventricular side of the annulus, and force is 
applied to the stabilizing member to engage and stabilize the 
valve annulus. By “stabilize,” it is meant that the annulus Will 
be at least partially immobilized relative to the cardiac tissue 
surrounding the annulus, at least partially delineated or 
exposed relative to cardiac tissue surrounding the annulus, or 
both. For example, in some instances “stabilization” may not 
involve immobilizing annular tissue but may instead involve 
moving or positioning annular tissue in such a Way to alloW 
enhanced visualization of that tissue relative to surrounding 
tissues. 

[0016] As just mentioned, in addition to stabilizing, meth 
ods and apparatus of the present invention may also help 
expose, position, or delineate the valve annulus, to enhance 
the physician’s ability to vieW and operate on the annular 
tissue. Some embodiments also include a second stabilizing 
member, to be introduced above the lea?ets, alloWing a phy 
sician to grasp or clamp annular tissue betWeen the upper and 
loWer stabilizing members for further stabilization. Various 
embodiments further provide for treatment of a valve annu 
lus. For example, either the upper or loWer stabilizing mem 
ber may include actuators or effectors for performing any one 
or more of a variety of interventions. For example, either or 
both stabilizing members may be adapted to deliver devices 
for constricting or reshaping the valve annulus to treat regur 
gitation or other conditions. The devices may comprise 
anchors, tethered anchors, rings, or the like for reinforcing or 
cinching the annulus. In a speci?c example, the stabilizing 
member may be con?gured to hydraulically or otherWise 
deliver a series of tethered hooks, tethered clips or other 
tethered anchors or fasteners for engaging and cinching valve 
annulus tissue to decrease the diameter of a regurgitant valve. 
The stabilizer(s) Will also be adaptable for delivering other 
therapies, including applying radiofrequency energy (or other 
heat sources) to shrink the collagen tissue in the annulus, 
delivering bulking agents, delivering drugs and biological 
agents such as groWth factors, delivering agents for providing 
cell dedifferentiation, and/or the like. 
[0017] In most cases, the methods of the present invention 
Will be performed on a beating heart. Access to the beating 
heart may be accomplished by any available technique, 
including intravascular, transthoracic, and the like. In addi 
tion to beating heart access, the methods of the present inven 
tion may be used for intravascular stopped heart access as 
Well as stopped heart open chest procedures. 
[0018] In one aspect of the invention, a method for stabi 
lizing a valve annulus of a heart forperforming a procedure on 
the valve annulus involves ?rst introducing at least a ?rst 
stabilizing member beneath one or more lea?ets of a valve of 
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the heart to engage an intersection betWeen at least one lea?et 
and the interior ventricular Wall of the heart. Force is then 
applied to the ?rst stabilizing member to stabilize the valve 
annulus. Usually, the stabilizing member engages the ven 
tricular annulus (in the case of a mitral valve), and applying 
force comprises drawing the stabilizing member upwardly 
against the annulus to immobilize the annular tissue relative 
to the surrounding tissue. When a second stabilizing member 
is employed, applying force comprises applying opposed 
forces With the “upper and loWer” stabilizing members to 
further stabilize the annular tissue. Such methods may be 
used on any of a number of cardiac or circulatory valves or 
other body structures such as valves in body lumens, but in 
one embodiment, for example, the ?rst stabilizing member is 
passed beneath the posterior lea?et of the mitral valve. In 
addition to stabilizing the annular tissue, applying pressure 
With the stabilization device may also expose the valve annu 
lus from surrounding tissue of the heart, for improved visu 
alization and access by the physician. 
[0019] In some embodiments, introducing the device com 
prises advancing a ?exible, elongate catheter through vascu 
lature of a patient to the heart, With at least a ?rst stabilizing 
member comprising a shape-changing member at a distal end 
of the ?exible elongate catheter. The catheter may be intro 
duced through the vasculature With the shape-changing sta 
bilizing member in a generally straight, ?exible con?gura 
tion. Once it is in place beneath the lea?et at the intersection 
betWeen the lea?et and the interior ventricular Wall, the shape 
of the stabilizing member is changed to conform to the annu 
lus and usually the shape is “locked” to provide suf?cient 
stiffness or rigidity to permit the application of force from the 
stabilizing member to the annulus. Shaping and optionally 
locking the stabilizing member may be accomplished in any 
of a number of Ways, such as applying tension to tensioning 
cord(s), as described in detail beloW. 
[0020] In transthoracic and other embodiments, the stabi 
lizing member may be pre-shaped, and the method may sim 
ply involve introducing the stabilizing member(s) under and/ 
or over the valve lea?ets. The pre-shaped stabilizing member 
(s) may be rigid or formed from a shape memory material 
such as nitinol, spring stainless steel, or the like. 
[0021] Force applied to the ?rst stabilizing member is often 
upWardly directed, though lateral forces are also possible. In 
addition to stabilizing With force from beloW the annulus, 
stabilizing may optionally include introducing a second sta 
bilizing member over the valve lea?ets. By moving the sec 
ond stabilizing member toWard the ?rst stabilizing member, a 
physician may grip or clamp all or a portion of the valve 
annulus. 
[0022] In another aspect, a method for performing a proce 
dure on a stabilized valve annulus includes advancing a ?ex 
ible, elongate stabilizing catheter through vasculature of a 
patient to the heart. Next, a shape-changing stabilizing mem 
ber on the catheter is positioned beneath one or more lea?ets 
of a valve of the heart to engage the loWer or ventricular 
annulus at an intersection betWeen at least one lea?et and an 
interior ventricular Wall of the heart. The shape of the stabi 
lizing member is then changed and optionally locked to con 
form to the annulus, and an upWard and/or other force is 
applied to the stabilizing member to stabilize the valve annu 
lus. 

[0023] In still another aspect of the present invention, a 
method for constricting a valve annulus in a beating heart 
comprises introducing at least a ?rst stabilizing member 
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beneath one or more lea?ets of a valve of the heart to engage 
the annulus at an intersection betWeen at least one lea?et and 
an interior ventricular Wall of the heart. Force is then applied 
to the ?rst stabilizing member to stabilize the valve annulus. 
A plurality of individual anchors, such as hooks, clips, barbs, 
T-tags, rings, anchors made of resorbable polymers such as 
polylactic acid or polyglycolic acid, or the like, may then be 
placed at circumferentially spaced-apart locations about at 
least a portion of the valve annulus While the valve annulus 
remains stabilized. The anchors may then be cinched via a 
tether to circumferentially tighten the annulus. Optionally, 
the method may further include introducing at least a second 
stabilizing member over the valve lea?ets and moving the 
second stabilizing member toWard the ?rst stabilizing mem 
ber to further stabilize the annulus. In some embodiments, 
securing the anchors comprises driving the anchors from one 
of the ?rst and second stabilizing members. Driving the 
anchors, in turn, may involve in?ating an expandable balloon 
in one of the members to force the anchors at least partially 
out of the member into tissue of the valve annulus. Optionally, 
securing the anchors may also involve driving the anchors 
through tissue of the valve annulus into a anchor receiving 
piece coupled With the other stabilizing member. 
[0024] Throughout the present application, the term 
“anchor” is frequently used to a device for coupling With a 
valve annulus or other bodily structure. For the purposes of 
this application, “anchor” means any fastener or other attach 
ment device. Thus, an anchor may be a hook, such as a curved 
hook or a straight, barbed hook, a clip, a T-tag, a ring, an 
adhesive strip, a shape-memory fastening device or any other 
fastener. Furthermore, anchors may be made of any suitable 
material. For example, an anchor may be made of a metal, 
such as stainless steel, or may alternatively be made of a 
bioresorbable material such as polylactate or polyglycolate, 
such that over time, after a body structure has repaired, the 
anchors may be resorbed. Therefore, although various 
examples of anchors are described beloW and various terms 
such as “hooks” may be used to describe fastening devices of 
the invention, these terms should not be interpreted to limit 
the scope of the invention as de?ned by the claims. 

[0025] In yet another aspect of the invention, a device for 
enhancing a surgical procedure on a valve annulus of a heart 
includes an elongate body having a proximal end and a distal 
end and at least a ?rst stabilizing member at the distal end of 
the shaft. Generally, the ?rst stabilizing member is passable 
under one or more lea?ets of a valve of the heart to engage an 
intersection betWeen at least one lea?et and an interior ven 
tricular Wall of the heart. In some embodiments, the elongate 
body comprises a rigid shaft. In alternative embodiments, the 
elongate body comprises a ?exible catheter, so that the ?rst 
stabilizing member may be passed into the heart and under the 
one or more lea?ets via a transvascular approach. 

[0026] The ?rst stabilizing member may comprise a shape 
changing portion. By “shape-changing,” it is meant that at 
least a segment of the stabilizing member may be transitioned 
betWeen (a) a straight or ?exible con?guration (to facilitate 
introduction) and (b) a ?xed-shape con?guration, generally a 
curved or C-shaped segment Which conforms to the shape of 
the valve annulus. Such shape-changing may be accom 
plished by a variety of mechanical approaches. In some 
embodiments, for example, the ?rst stabilizing member may 
include a slotted, segmented or sectioned tube coupled With 
one or more pull cords. Tension may be applied to one pull 
cord to bend the segmented tube into a C-shape, While tension 
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may be applied to the other cord to bend the tube up, or 
proximally. Generally, a segmented tube and tWo pull cords 
can be used to shape a stabilizing member around tWo bends 

having any desired con?guration. In another embodiment, a 
shape-memory material may be included in the ?rst stabiliz 
ing member, and introducing ?uid into the member may cause 
it to change from a straight con?guration to a C-shape. In 
some embodiments, the shape-changing portion may be 
locked in position to enhance stabilization of the annulus. 

[0027] In some embodiments, the ?rst stabilizing member 
includes a semicircular housing, a plurality of tethered 
anchors disposed Within the housing, and at least one expand 
able balloon for driving the plurality of anchors into tissue of 
the valve annulus. In some embodiments, the device may 
include an in?ation actuator for in?ating the expandable bal 
loon, a release actuator for releasing the anchors from the 
housing, and a cinching actuator for cinching a tether coupled 
With the tethered anchors to reduce a diameter of the valve 
annulus. The ?rst stabilizing member may be con?gured to 
alloWing driving of the plurality of anchors in any suitable 
direction or con?guration. For example, in some embodi 
ments the ?rst stabilizing member Will be con?gured for 
positioning under a heart valve annulus and for driving 
anchors upWards (or superiorly) into or through the annulus. 
In another embodiment, a stabilizing member may be con?g 
ured for positioning above an annulus and for driving anchors 
doWnWards. Alternatively, a stabilizing member may be posi 
tioned outside a heart Wall or other structure, With anchors 
driven inWardly. And as discussed above, these devices may 
be used to perform other cardiac and non-cardiac procedures, 
such as anchoring and cinching a gastroesophageal junction, 
bladder outlet or other structure. 

[0028] As mentioned above, some embodiments also 
include at least a second stabilizing member movably coupled 
With the elongate shaft, Wherein the second stabilizing mem 
ber may be moved toWard the ?rst stabilizing member to grip 
and stabilize the valve annulus. Optionally, such embodi 
ments may also include one or more anchor receiving pieces 
coupled With the second stabilizing member for receiving 
distal ends of the plurality of anchors driven through the 
tissue of the valve annulus. In some embodiments, each of the 
?rst and second stabilizing members comprises a ?exible 
rigidifying portion. Alternatively, each of the ?rst and second 
stabilizing members may comprise a rigid member. Some 
embodiments may also include a handle near the proximal 
end of the shaft for moving the second stabilizing member 
toWard the ?rst stabilizing member to grip the valve annulus. 

[0029] In alternative embodiments, either the ?rst stabiliz 
ing member, the second stabilizing member or both may 
include any of a number of annulus treatment devices. For 
example, in one embodiment a stabilizing member may 
include an energy deliver device, such as a radiofrequency 
delivery device, for transmitting energy to a valve annulus to 
constrict the annular tissue. In another embodiment, a stabi 
lizing member may include a mechanical support member or 
other deployable device that is couplable With a valve annu 
lus. For example, a shape memory stent may be coupled With 
a stabilizing member such that When the stent is coupled With 
annular tissue and deployed, it shrinks longitudinally to 
reduce the diameter of the annulus. In other embodiments, 
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multiple such stents may be used. These and other embodi 
ments are described more fully beloW With reference to the 
draWing ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a cross-sectional vieW of a heart With a 
?exible stabilization device being positioned for stabilizing a 
valve annulus, according to one embodiment of the present 
invention; 
[0031] FIGS. 1A and 1B are cross-sectional vieWs of a 
valve lea?et, valve annulus, atrial Wall and ventricular Wall, 
With a stabilization device in place for stabilizing and expos 
ing the annulus, according to one embodiment of the present 
invention; 
[0032] FIG. 2 is a perspective vieW of a stabilization device 
having tWo stabilization members, according to one embodi 
ment of the present invention; 
[0033] FIG. 3 is a cross-sectional vieW of a valve lea?et, 
valve annulus, atrial Wall and ventricular Wall, With a stabili 
zation device in place having upper and loWer stabilization 
members, according to one embodiment of the present inven 
tion; 
[0034] FIG. 4 shoWs a stabilization device as in FIG. 3 With 
a tethered clip placed in the valve annulus, according to one 
embodiment of the present invention; 
[0035] FIG. 5 shoWs a stabilization device having a bal 
loon-driven clip applier as its upper stabilizing member, 
according to one embodiment of the present invention; 
[0036] FIGS. 5A and 5B shoW a stabilization device having 
a balloon-driven hook applier as its upper stabilizing member, 
and a method for using same, according to one embodiment 
of the present invention; 
[0037] FIGS. 5C and 5D shoW a stabilization device having 
a balloon-driven hook applier as its upper stabilizing member, 
a loWer stabilizing member carrying a hook receiver, and a 
method for using same, according to one embodiment of the 
present invention; 
[0038] FIG. 6 is a perspective vieW of a balloon-driven 
hook applier for applying hooks to a cardiac valve annulus, 
according to one embodiment of the present invention; 
[0039] FIG. 7 is a close-up vieW ofthe device in FIG. 6; and 
[0040] FIG. 8 is a perspective vieW of a balloon-driven 
hook applier as in FIGS. 6 and 7, With the balloon expanded 
and the hooks deployed, according to one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0041] Devices and methods of the present invention are 
generally used to facilitate transvascular, minimally invasive 
and other “less invasive” surgical procedures, by enhancing 
exposure, stabilization and/ or the like of a tissue or structure 
upon Which a procedure is to be performed. As discussed 
more fully above, “less invasive,” for the purposes of this 
application, means any procedure that is less invasive than 
traditional, large-incision open surgical procedures. Thus, a 
less invasive procedure may be an open surgical procedure 
involving one or more relatively small incisions, a transvas 
cular percutaneous procedure, a transvascular procedure via 
cut-doWn, a laparoscopic or other endoscopic procedure, or 
any procedure in Which a goal is to minimize or reduce 
invasiveness to the patient may be considered less invasive. 
[0042] The present application typically describes devices 
and methods for stabilization and/or exposure in the context 
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of heart valve repair, and more speci?cally mitral valve repair 
to treat mitral regurgitation. Devices and methods of the 
invention may be used in any suitable procedure, however, 
both cardiac and non-cardiac. For example, they may be used 
in procedures to repair any heart valve, to repair an atrial 
septal defect, to access and possibly perform a procedure 
from (or through) the coronary sinus, to place one or more 
pacemaker leads, to perform a cardiac ablation procedure 
such as ablating around pulmonary veins to treat atrial ?bril 
lation, and/ or the like. In other embodiments, the devices and 
methods may be used to enhance a laparoscopic or other 
endoscopic procedure on any part of the body, such as the 
bladder, stomach, gastroesophageal junction, vasculature, 
gall bladder, or the like. In some embodiments, for example, 
devices and methods include coupling multiple tethered 
anchors to a valve annulus and cinching the annulus to reduce 
a diameter of the valve. Similar devices and methods may be 
used, alternatively, to close or reduce the diameter of an 
atrial-septal defect, a gastroesophageal junction, or any other 
suitable body lumen, valve or other structure. Therefore, 
although the folloWing description typically focuses on mitral 
valve and other heart valve repair, such description should not 
be interpreted to limit the scope of the invention as de?ned by 
the claims. 

[0043] Devices and methods of the invention generally pro 
vide for enhanced stabiliZation, exposure and/or treatment of 
a cardiac valve annulus. By “stabilize,” it is meant that the 
annulus Will be at least partially immobiliZed relative to the 
cardiac tissue surrounding the annulus, at least partially delin 
eated or exposed relative to cardiac tissue surrounding the 
annulus, or both. For example, in some instances “stabiliZa 
tion” may not involve immobiliZing annular tissue but may 
instead involve moving or positioning annular tissue in such 
a Way to alloW enhanced visualiZation of that tissue relative to 
surrounding tissues. Methods generally involve introducing a 
stabiliZing member beneath one or more lea?ets of a heart 
valve to engage the ventricular side of the annulus at an 
intersection betWeen the lea?ets and the interior ventricular 
Wall of the heart. The stabiliZing member Will usually be 
curved or C-shaped to conform to at least a portion of the 
ventricular side of the annulus, and force is applied to the 
stabiliZing member to engage and stabiliZe the valve annulus. 

[0044] In addition to stabiliZing, methods and apparatus of 
the present invention may also help expose, position, or delin 
eate the valve annulus, to enhance the physician’s ability to 
vieW and operate on the annular tissue. Some embodiments 
also include a second stabiliZing member, to be introduced 
above the lea?ets, alloWing a physician to grasp or clamp 
annular tissue betWeen the upper and loWer stabiliZing mem 
bers for further stabiliZation. Various embodiments further 
provide for treatment of a valve annulus. For example, either 
the upper or loWer stabiliZing member may include actuators 
or effectors for performing any one or more of a variety of 
interventions. For example, either or both stabiliZing mem 
bers hay be adapted to deliver devices for constricting or 
reshaping the valve annulus to treat regurgitation or other 
conditions. The devices may comprise anchors, tethered 
anchors, rings, or the like for reinforcing or cinching the 
annulus. In a speci?c example, the stabiliZing member may be 
con?gured to hydraulically or otherWise deliver a series of 
tethered hooks, tethered clips or other tethered anchors or 
fasteners for engaging and cinching valve annulus tissue to 
decrease the diameter of a regurgitant valve. The stabiliZer(s) 
Will also be adaptable for delivering other therapies, includ 
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ing applying radiofrequency energy (or other heat sources) to 
shrink the collagen tissue in the annulus, delivering bulking 
agents, delivering drugs and biological agents such as groWth 
factors. 
[0045] In most cases, the methods of the present invention 
Will be performed on a beating heart. Access to the beating 
heart may be accomplished by any available technique, 
including intravascular, transthoracic, and the like. In addi 
tion to beating heart access, the methods of the present inven 
tion may be used for intravascular stopped heart access as 
Well as stopped heart open chest procedures. 
[0046] Referring noW to FIG. 1, a heart H is shoWn in cross 
section, With a stabiliZation device 100 introduced Within the 
heart H. Generally, stabiliZation device 100 comprises an 
elongate body With at least a ?rst stabiliZing member 1 02 at its 
distal end for providing stabiliZation and/or exposure of a 
heart valve annulus. In some embodiments, the elongate body 
comprises a rigid shaft, While in other embodiments it com 
prises a ?exible catheter, so that the ?rst stabiliZing member 
may be positioned in the heart H and under one or more valve 
lea?ets to engage an valve annulus via a transvascular 
approach. Transvascular access may be gained, for example, 
through the internal jugular vein (not shoWn) to the superior 
vena cava SVC to the right atrium RA, across the interatrial 
septum to the left atrium LA, and then under one or more 
mitral valve lea?ets MVL to a position Within the left ven 
tricle (LV) under the valve annulus (not shoWn). Altema 
tively, access to the heart may be achieved via the femoral 
vein and the inferior vena cave In other embodiments, access 
may be gained via the coronary sinus (not shoWn) and through 
the atrial Wall into the left atrium. 
[0047] In other embodiments, access to the heart H may be 
transthoracic, With the stabiliZation device being introduced 
into the heart via an incision or port on the heart Wall. Even 
open heart surgical procedures may bene?t from methods and 
devices of the invention. Furthermore, some embodiments 
may be used to enhance procedures on the tricuspid valve 
annulus, adjacent the tricuspid valve lea?ets TVL, or any 
other cardiac or vascular valve. Therefore, although the fol 
loWing description typically focuses on minimally invasive or 
less invasive mitral valve repair for treating mitral regurgita 
tion, the invention is in no Way limited to that use. 

[0048] With reference to FIGS. 1A and 1B, a method for 
using stabiliZation device 100 is depicted in a cross-sectional 
vieW. First, as in FIG. 1A, stabiliZing member 102 is posi 
tioned in a desired location under a valve lea?et L and adja 
cent a ventricular Wall VW. The valve annulus generally 
comprises an area of heart Wall tissue at the junction of the 
ventricular Wall VW and the atrial Wall AW that is relatively 
?brous and, thus, signi?cantly stronger that lea?et tissue and 
other heart Wall tissue. Stabilizing member 102 may be 
advanced into position under the valve annulus by any suit 
able technique, some of Which are described beloW in further 
detail. For example, using a stabiliZation device having a 
?exible elongate body as shoWn in FIG. 1, stabiliZing member 
102 may be passed from the right atrium RA through the 
interatrial septum in the area of the foramen ovale (not 
shoWnibehind the aorta A), into the left atrium LA. Often 
times, stabiliZing member 1 02 Will then naturally travel, upon 
further advancement, under the posterior valve lea?et to a 
position under the valve annulus VA, as shoWn in FIG. 1A. 

[0049] In some embodiments, stabiliZing member 102 
includes a shape-changing portion Which enables stabiliZing 
member 102 to conform to the shape of the valve annulus VA. 
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The catheter may be introduced through the vasculature With 
the shape-changing stabilizing member in a generally 
straight, ?exible con?guration. Once it is in place beneath the 
lea?et at the intersection betWeen the lea?et and the interior 
ventricular Wall, the shape of stabilizing member 102 is 
changed to conform to the annulus and usually the shape is 
“locked” to provide su?icient stiffness or rigidity to permit 
the application of force from stabilizing member 102 to the 
annulus. Shaping and optionally locking stabilizing member 
102 may be accomplished in any of a number of Ways. For 
example, in some embodiments, a shape-changing portion 
may be sectioned, notched, slotted or segmented and one of 
more tensioning cords, Wires or other tensioning devices 
coupled With the shape-changing portion may be used to 
shape and rigidify stabilizing member 102. A segmented sta 
bilizing member, for example, may include multiple seg 
ments coupled With tWo tensioning cords, each cord provid 
ing a different direction of articulation to the stabilizing 
member. A ?rst bend may be created by tensioning a ?rst cord 
to give the stabilizing member a C-shape or similar shape to 
conform to the valve annulus, While a second bend may be 
created by tensioning a second cord to articulate the C-shaped 
member upWards against the annulus. In various embodi 
ments, any con?gurations and combinations may be used to 
give stabilizing member 102 a desired shape. 
[0050] In transthoracic and other embodiments, stabilizing 
member 102 may be pre-shaped, and the method may simply 
involve introducing stabilizing member 102 under the valve 
lea?ets. The pre-shaped stabilizing member 102 may be rigid 
or formed from a shape memory material such as nitinol, 
spring stainless steel, or the like. 
[0051] Once stabilizing member 102 is positioned under 
the annulus, force may be applied to stabilize the valve annu 
lus VA, as shoWn in FIG. 1B. Such force may be directed in 
any suitable direction to expose, position and/or stabilize the 
annulus. For example, upWard and lateral force is shoWn in 
FIG. 1B by the solid-headed arroW draWn from the center of 
stabilizing member 102. In other cases, only upWard, only 
lateral, or any other suitable force(s) may be applied. With 
application of force to stabilizing member 102, the valve 
annulus VA is caused to rise or project outWardly, thus expos 
ing the annulus for easier vieWing and access. The applied 
force may also stabilize the valve annulusVA, also facilitating 
surgical procedures and visualization. 
[0052] With reference noW to FIG. 2, one embodiment of a 
stabilization device 200 may include an upper or atrial stabi 
lizing member 202, coupled With an outer shaft 210, and a 
loWer or ventricular stabilizing member 204 coupled With an 
inner shaft 212. Upper stabilizing member 202 and loWer 
stabilizing member 204 are typically adapted for placement 
above and beloW a valve annulus, such as the mitral valve 
annulus. Stabilizing members 202 and 204 Will typically be 
formed from an elastic material having a geometry selected to 
engage and optionally shape or constrict the valve annulus. 
For example, the rings may be formed from shape memory 
alloy, such as nitinol, from a spring stainless steel, or the like. 
In other instances, hoWever, the stabilizing members could be 
formed from an in?atable or other structure can be selectively 
rigidi?ed in situ, such as a gooseneck or lockable element 
shaft, any of the rigidifying structures described above, or any 
other rigidifying structure. 
[0053] As described above, the device 200 may be intro 
duced to the left atrium of a beating heart, either transeptally 
or through an incision in the heart Wall. Once in the atrium, 
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the loWer or ventricular stabilizing member Will be intro 
duced through the mitral valve opening, With a corner 206 of 
the stabilizing member typically being engaged against a 
commisure. The ventricular stabilizing member 204 may be 
adjusted so that it lies at a junction betWeen the valve lea?et L 
and the ventricular Wall VW, as illustrated in FIG. 3. The 
upper or atrial stabilizing member 202 may then be clamped 
doWn onto the upper surface of the annulus VA, typically by 
sliding outer shaft 210 doWn over inner shaft 212. Thus, the 
annulus Will be circumferentially clamped betWeen the sta 
bilizing members, again as observed in FIG.3. Such clamping 
Will stabilize the annulus relative to the remainder of the 
beating heart, thus facilitating subsequent minimally invasive 
surgical procedures. For example, and With reference noW to 
FIG. 4, a clip applier may be used to introduce individual 
tethered clips 156 into the valve annulus VA. Exemplary clip 
appliers for applying tethered clips to a valve annulus are 
described more fully in US. patent application Ser. No. 
10/461043, Which Was previously incorporated by reference. 
Alternatively, atrial stabilizing member 202 could be 
replaced With a circular clip applier 220, as shoWn in FIG. 5. 
A stabilizing device employing such a clip applier could be 
used to simultaneously stabilize the annulus and deliver clips 
222 using a clip driver, such as a balloon 224. 

[0054] Although not illustrated, in some instances it may be 
desirable to provide a third stabilizing element on the exterior 
of the heart, optionally betWeen the coronary sinus CS and 
circum?ex artery CF or Within the coronary sinus. 

[0055] As is described further beloW, any stabilizing mem 
ber, including an atrial stabilizing member, a ventricular sta 
bilizing member, or both, may include one or more devices 
for treating a valve annulus. Such devices may include any 
suitable device for treating an annulus, and the present inven 
tion is not limited to any speci?c embodiments. For example, 
in some embodiments a stabilizing member comprises a 
housing for containing a plurality of tethered anchors and a 
system for delivering the anchors into annular tissue. 
“Anchors” may comprise curved hooks, straight hooks, 
barbed hooks, clips of any kind, T-tags, shape memory hooks, 
or any other suitable fastener(s). Delivery of anchors may be 
accomplished by any suitable device and technique, such as 
by hydraulic balloon delivery as discussed beloW. Altema 
tively, any other suitable treatment may be delivered to an 
annulus. For example, energy such as radiofrequency energy 
may be delivered to the annulus via a stabilizing member to 
constrict the annular tissue. Alternatively, a shape memory 
stent may be delivered to the annulus such that When deployed 
the stent longitudinally shrinks to constrict the annulus. In 
other embodiments, one or more drugs or bulking agents may 
be administered to the annulus. Therefore, although the fol 
loWing description focuses on delivery of a plurality of teth 
ered hooks to a valve annulus, many other types of anchors 
and other treatment modalities may alternatively be delivered 
using devices and methods of the invention. 

[0056] That being said, and referring noW to FIGS. 5A and 
5B, in one embodiment, upper stabilizing member 202 could 
be replaced With a circular hook applier 230, including a 
housing for multiple tethered hooks 232 and a hook driver 
such as a balloon 234. Again, hooks 232 may be replaced by 
any other anchors in various embodiments. Hooks 232 may 
be coupled to the device via a pivot mandrel 236, so that When 
balloon 234 is in?ated, as in FIG. 5B, hooks 232 pivot around 
mandrel 236 to enter tissue of the valve annulus VA. Hydrau 
lically driving curved hooks 232 in this Way closely replicates 
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the motion of a surgeon manually driving a suture needle into 
tissue and allows hooks 232 to be driven strongly into the 
tissue of the valve annulus VA. After hooks 232 are engaged 
With the valve annulus VA, they may be cinched, using the 
tether (not shoWn), to decrease the diameter of the annulus 
and thus the valve. The housing, the balloon 234 and the pivot 
mandrel 236 may be WithdraWn before or after cinching. 

[0057] As mentioned above, in various embodiments other 
anchor delivery mechanisms may be used, although one or 
more expandable balloons are used in one embodiment. For 
example, other hydraulic delivery systems may be used, 
anchors may be advanced into tissue using a pull-cord, or the 
like. In some embodiments, treatment devices and delivery 
mechanisms may be incorporated into loWer/ventricular sta 
bilizing member 204, rather than upper/atrial stabilizing 
member 202. In still other embodiments, some of Which are 
described immediately beloW, both stabilizing members 202 
and 204 may include devices for treatment of the valve annu 
lus VA. 

[0058] Additionally, and With reference noW to FIGS. 5C 
and 5D, some embodiments may include one or more fasten 
ers and fastener receiving pieces. For example, a circular 
hook applier 240, including multiple tethered hooks 242 on a 
pivot mandrel 246 and a balloon 244 may be disposed on the 
upper, atrial side of the valve annulus VA, and loWer stabiliz 
ing member 204 may carry one or more receiving pieces 248 
for receiving part of one or more of hooks 242. As shoWn in 
FIG. 5D, When balloon 244 is in?ated, it drives hooks 242 in 
a curved path through tissue of the valve annulus VA and into 
receiving piece 248. Receiving piece 248 may comprise any 
suitable material With any con?guration for receiving and 
holding a portion of hooks 242. In some embodiments, for 
example, receiving piece 248 may comprise a Dacron strip, 
While in other embodiments the fastener and fastener receiv 
ing piece may be con?gured similar to a plastic garbage bag 
tie or the like. Any con?guration is contemplated Within the 
scope of the invention. In alternative embodiments, anchors 
may be driven from loWer stabilizing member 204 into a 
receiving piece carried by upper stabilizing member 202. 
[0059] Referring noW to FIGS. 6, 7 and 8, one embodiment 
of a stabilizing and hook delivery device 260 is shoWn. Typi 
cally, hook delivery device 260 Will include an elongate hous 
ing or shaft 261, Which Will house a series of hooks 264 
coupled to housing 261 via a pivot mandrel 266 and coupled 
to one another via a tether 268. Housing 262 Will also include 
one or more expandable balloons 262 for driving hooks 264. 
Housing 262 may be ?exible or rigid in various embodiments. 
Of course, any number, size and shape of hooks 264 (or other 
anchors) may be included in housing 261. Tether 268 may be 
one long piece of material or tWo or more pieces and may 
comprise any suitable material, such as suture, suture-like 
material, a Dacron strip or the like. Pivot mandrel 268 may 
also have any suitable con?guration and be made of any 
suitable material. In one embodiment, mandrel 268 is made of 
a metal such as stainless steel, titanium or nitinol. Expandable 
balloon 262 may have any suitable size and con?guration. In 
some embodiments, more than one balloon may be used. As 
shoWn in FIG. 8, in?ating balloon 262 drives hooks 264 in a 
curvilinear path (arroWs) into adjacent tissue (not shoWn). 
Hooks thus driven into tissue of a cardiac valve annulus may 
then be cinched, via tether 268, to reduce the valve diameter, 
thus treating or ameliorating valve regurgitation. 
[0060] Although the foregoing is a complete and accurate 
description of the present invention, the description provided 
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above is for exemplary purposes only, and variations may be 
made to the embodiments described Without departing from 
the scope of the invention. Thus, the above description should 
not be construed to limit the scope of the invention as 
described in the appended claims. 

1-57. (canceled) 
58. A method for stabilizing a valve annulus of a heart for 

performing a procedure on the valve annulus, the method 
comprising: 

introducing at least a ?rst stabilizing member beneath one 
or more lea?ets of a valve of the heart to engage the 
annulus at an intersection betWeen at least one lea?et 
and an interior ventricular Wall of the heart; and 

applying force to the ?rst stabilizing member to stabilize 
the valve annulus. 

59. A method as in claim 58, Wherein introducing com 
prises passing the member beneath at least the posterior leaf 
let of the mitral valve of the heart. 

60. A method as in claim 58, Wherein applying force to the 
?rst stabilizing member exposes the valve annulus from sur 
rounding tissue of the heart. 

61. A method as in claim 58, Wherein introducing com 
prises advancing an elongate catheter carrying the ?rst stabi 
lizing member through vasculature of a patient to the heart, 
Wherein the ?rst stabilizing member is adapted to change 
betWeen a ?exible con?guration for introduction through the 
vasculature and a curved con?guration to conform to the 
annulus. 

62. A method as in claim 61, further comprising changing 
the shape of the ?rst stabilizing member to conform to the 
annulus. 

63 . A method as in claim 62, Wherein changing the shape of 
the ?rst stabilizing member comprises articulating the stabi 
lizing member in at least tWo directions. 

64.A method as in claim 62, Wherein changing the shape of 
the ?rst stabilizing member comprises applying tension to at 
least a ?rst tensioning cord to cause a ?rst bend in the stabi 
lizing member. 

65. A method as in claim 64, Wherein changing the shape 
further comprises applying tension to at least a second ten 
sioning cord to cause a second bend in the stabilizing mem 
ber. 

66. A method as in claim 65, Wherein the ?rst bend com 
prises approximately a C-shaped bend to conform the stabi 
lizing member to the annulus, and the second bend comprises 
an upWardly directed bend. 

67. A method as in claim 62, Wherein changing the shape of 
the ?rst stabilizing member comprises introducing a ?uid into 
a shape-memory stabilizing member. 

68. A method as in claim 62, further comprising locking the 
shape of the ?rst stabilizing member. 

69. A method as in claim 58, Wherein applying force to the 
?rst stabilizing member comprises applying upWardly 
directed force in a direction from the ventricles toWard the 
atria of the heart. 

70. A method as in claim 58, Wherein stabilizing further 
comprises introducing at least a second stabilizing member 
over the valve lea?ets. 

71 . A method as in claim 70, further comprising moving the 
second stabilizing member toWard the ?rst stabilizing mem 
ber to further stabilize the valve annulus. 

72. A method for stabilizing a valve annulus of a heart for 
performing a procedure on the valve annulus, the method 
comprising: 
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advancing a ?exible, elongate stabilizing catheter through 
vasculature of a patient to the heart; 

introducing at least a ?rst stabilizing member of the stabi 
liZing catheter beneath one or more lea?ets of a valve of 
the heart to engage the annulus at an intersection 
betWeen at least one lea?et and an interior ventricular 
Wall of the heart; 

changing the shape of the stabiliZing member to conform to 
the annulus; and applying force to the stabiliZing mem 
ber to stabiliZe the valve annulus. 

73 . A method as in claim 72, Wherein changing the shape of 
the ?rst stabiliZing member comprises articulating the stabi 
liZing member in at least tWo directions. 

74. A method as in claim 72, Wherein changing the shape of 
the ?rst stabiliZing member comprises applying tension to at 
least a ?rst tensioning cord to cause a ?rst bend in the stabi 
liZing member. 

75. A method as in claim 74, Wherein changing the shape 
further comprises applying tension to at least a second ten 
sioning cord to cause a second bend in the stabiliZing mem 
ber. 

76. A method as in claim 75, Wherein the ?rst bend com 
prises approximately a C-shaped bend to conform the stabi 
liZing member to the annulus, and the second bend comprises 
an upWardly directed bend. 

77. A method as in claim 72, Wherein changing the shape of 
the ?rst stabiliZing member comprises introducing a ?uid into 
a shape-memory stabiliZing member. 

78. A method as in claim 72, further comprising locking the 
shape of the ?rst stabiliZing member. 

79. A method as in claim 72, Wherein applying force to the 
?rst stabiliZing member comprises applying upWardly 
directed force in a direction from the ventricles toWard the 
atria of the heart. 

80. A method as in claim 72, Wherein stabiliZing further 
comprises introducing at least a second stabiliZing member 
over the valve lea?ets. 

81 . A method as in claim 80, further comprising moving the 
second stabiliZing member toWard the ?rst stabiliZing mem 
ber to further stabiliZe the valve annulus. 

82. A method for constricting a valve annulus in a beating 
heart, the method comprising: 

introducing at least a ?rst stabiliZing member beneath one 
or more lea?ets of a valve of the heart to engage the 
annulus at an intersection betWeen at least one lea?et 
and an interior ventricular Wall of the heart of the heart; 

applying force to the ?rst stabiliZing member to stabiliZe 
the valve annulus; and constricting at least a portion of 
the valve annulus While the valve annulus remains sta 
biliZed. 

83. A method as in claim 82, further comprising: 
introducing at least a second stabiliZing member over the 

valve lea?ets; and moving the second stabiliZing mem 
ber toWard the ?rst stabiliZing member further stabiliZe 
the annulus. 

84. A method as in claim 83, Wherein constricting com 
prises attaching a mechanical support structure to at least a 
portion of the valve annulus. 
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85. A method as in claim 84, Wherein the mechanical 
support structure comprises a ring or a system of anchors and 
tethers. 

86. A method as in claim 83, Wherein constricting com 
prises applying energy to shrink at least a portion of the 
annular tissue. 

87. A method for constricting a valve annulus in a beating 
heart, the method comprising: 

introducing at least a ?rst stabiliZing member beneath one 
or more lea?ets of a valve of the heart to engage the 
annulus at an intersection betWeen at least one lea?et 

and an interior ventricular Wall of the heart of the heart; 

applying force to the ?rst stabiliZing member to stabiliZe 
the valve annulus; 

securing individual anchors at circumferentially spaced 
apart locations about at least a portion of the valve annu 
lus While the valve annulus remains stabiliZed; and 

cinching a tether through the anchors to circumferentially 
constrict the annulus. 

88. A method as in claim 87, further comprising: 

introducing at least a second stabiliZing member over the 
valve lea?ets; and 

moving the second stabiliZing ring toWard the ?rst stabi 
liZing ring to further stabiliZe the annulus. 

89. A method as in claim 88, Wherein securing the anchors 
comprises driving the anchors from one of the ?rst and second 
stabiliZing members. 

90. A method as in claim 89, Wherein driving the anchors 
from one of the ?rst and second members comprises in?ating 
an expandable balloon in one of the members to force the 
anchors at least partially out of the member into tissue of the 
valve annulus. 

91. A method as in claim 89, Wherein securing the anchors 
further comprises driving the anchors through tissue of the 
valve annulus into an anchor receiving piece coupled With the 
other of the ?rst and second stabiliZing members. 

92. A method for constricting a heart valve annulus com 
prising: accessing a heart valve annulus from beneath one or 
more lea?ets of a heart valve; 

introducing a tethered clip assembly to the heart valve 
annulus, Wherein the tethered clip assembly comprises a 
plurality of individual clips coupled to a tether; 

securing the individual clips of the tethered clip assembly 
at circumferentially spaced apart locations about at least 
a portion of the heart valve annulus; and 

cinching the tether to reduce the circumference of at least a 
portion of the heart valve annulus. 

93. The method of claim 92 Wherein the heart valve annu 
lus is a mitral valve annulus. 

94. The method of claim 92 performed on a beating heart. 

* * * * * 


